On the basis of theoretical considerations and the results of experiments with synthetic consonant-vowel syllables, it has been hypothesized that the short-time spectrum sampled at the onset of a stop consonant should exhibit gross properties that uniquely specify the consonantal place of articulation independent of the following vowel. The aim of this paper is to test this hypothesis by measuring the spectrum sampled at the onsets and offsets of a large number of consonant-vowel (CV) and vowel-consonant (VC) syllables containing both voiced and voiceless stops produced by several speakers. Templates were devised in an attempt to capture three classes of spectral shapes: diffuse-rising, diffuse-falling, and compact, corresponding to alveolar, labial, and velar consonants, respectively. Spectra were derived from the utterances by sampling at the consonantal release of CV syllables and at the implosion and burst release of VC syllables, and these spectra (smoothed by a linear prediction algorithm) were matched against the templates. It was found that about 85% of the spectra at initial consonant release and at final burst release were correctly classified by the templates, although there was some variability across vowel contexts. The spectra sampled at the implosion were not consistently classified. A preliminary examination of spectra sampled at the release of nasal consonants in CV syllables showed a somewhat lower accuracy of classification by the same templates. Overall, the results support an hypothesis that, in natural speech, the acoustic characteristics of stop consonants, specified in terms of the gross spectral shape sampled at the discontinuity in the acoustic signal, show invariant properties independent of the adjacent vowel or of the voicing characteristics of the consonant. The implication is that the auditory system is endowed with detectors that are sensitive to these kinds of gross spectral shapes, and that the existence of these detectors helps the infant to organize the sounds of speech into their natural classes.
INTRODUCTION
It is a known and well-accepted fact that the speech sounds occurring in natural language share a limited set of fundamental characteristics.
Specifically, it has been hypothesized that man is born with a predisposition to perceive and produce sounds which are biologically significant. It has been suggested by Stevens (1972) that the defining properties of speech are determined by certain constraints imposed by the articulatory system on the one hand and by the perceptual system on the other. At one level, it is obvious that the articulatory and auditory systems have certain intrinsic limitations, i.e., a sound can not be produced if it is beyond the physiological capacity of the articulatory system, or be perceived if its acoustic characteristics are beyond the auditory capacity of the system. However, the set of speech sounds seems to be constrained in a more fundamental and theoretically interesting way. In particular, it has been shown that small changes in some articulatory configurations or states produce large changes in certain attributes of the resultant acoustic waveform.
In contrast, similar changes in other articulatory configurations minimally affect the attributes of the acoustic waveform. Thus, only a limited set of articulatory configurations produce stable acoustic patterns.
These acoustic patterns are not only relatively insensitive to perturbations in the articulatory configurations but are also distinctive in the sense that they have acoustic attributes that are different from the properties of the sounds produced by other configurations. It is this set of stable acoustic configurations with their distinctive properties which theoretically define the finite set of speech sounds used in natural language.
Similarly, there seem to be perceptual constraints on the human auditory system which also restrict the possible range of properties of sounds which can be used in natural language. These constraints are evidenced most clearly by the well-known phenomenon of cate-There is evidence from acoustic theory to Support the notion that invariant properties that define place of articulation for stop consonants can be derived from analysis of the short-time spectrum sampled at consonantal release (Fant, 1960; Stevens and Blumstein, 1978) . The theory predicts the characteristics of the burst of sound energy generated at the release, and the approximate values of the natural frequencies of the vocal tract in the vicinity of the consonantal release. As a consequence of these formant positions and of the burst characteristics, the spectrum sampled over the 10-20 ms following the consonantal release can be shown to have gross characteristics that are different for different places of articulation. The theoretical analysis shows that these gross characteristics are exhibited by the burst spectrum, producedwithasource of vocal-tract excitation in the vicinity of the consonantal constriction, and by the spectrum following the burst, when the source of vocal-tract excitation is at the glottis. When both components of the onset are present, the spectral characteristics for a particular place of articulation are enhanced relative to the characteristics that exist for either one of the components separately. In the case of velar consonants, the theoretically predicted common attribute of the spectrum is a major spectral prominence in the midfrequency range; for alveolar consonants, the spectral energy is diffuse or distributed throughout the frequency range, but with greater spectral energy at higher frequ. encies; when the consonant constriction is made at the lips, the spectral energy is again diffuse, but the spectrum is weighted towards lower frequencies. The theory predicts that similar gross characteristics should be observed for spectra sampled at the implosion and at the burst release for syllable-final consonants.
The observation, based on acoustic theory, that shorttime spectra sampled at consonantal release show distinctive gross characteristics for different places of articulation suggests that these properties are utilized by the human speech perception mechanism in order to extract information concerning place of articulation. This hypothesis has been tested by a series of perception experiments (Stevens and Blumstein, 1978 ; Blumstein and in which the acoustic characteristics of the bursts and the transitions in synthetic consonant-vowel syllables were systematically manipulated in accordance with the theoretical principles noted above, and the stimuli were presented to listeners for identification. These experiments showed that:
(1) For a continuum of stimuli for which the physical (4) There is some evidence that, if a stimulus with an abrupt onset, such as a stop consonant, is to give rise to an auditory representation containing a narrow spectral peak, the spec[ral peak must persist for a few tens of milliseconds following the onset . In summary, the theoretical considerations and the perceptual experiments suggest that, for each place of articulation for stop consonants, the short-time spec-trum sampled at stimulus onset should show distinctive acoustic properties.
The gross spectrum shape is diffuse-failing or flat for labials, diffuse-rising for alveolars, and compact for velars. These conclusions are, however, based on certain idealized models concerning the acoustic properties of the bursts and of the formant onsets as the place of articulation is manipulated. It is the object of the present study to investigate the validity of these assumptions by examining the short-time spectra measured at the consonantal release for a large number of natural speech utterances. In particular, the aim is to determine whether these spectra can be characterized in terms of the acoustic properties diffuse-rising, diffuse-failing or flat, and compact, and whether these properties for each place of articulation are found independent of the following vowel,' in different phonetic segments (voiced and voiceless stop consonants and nasals) and phonetic contexts (initial and final), and across different vocal-tract sizes (speakers).
II. ACOUSTIC ANALYSIS OF NATURAL SPEECH: BACKGROUND AND METHODOLOGY
The possibility that spectra sampled at the release of stop consonants provide distinctive shapes for place of articulation has been noted in several investigations of natural speech. Halle, Hughes, and Radley (1957), and Zue (1976) Examples of spectra for several naturally produced voiced and voiceless consonants in English are shown in Fig. 1 . These are linear prediction spectra obtained by pre-emphasizing the higher frequencies and using a 26-ms time window beginning at the consonantal release (see also Stevens and Blumstein, 1978 sentially only the burst is measured. In the case of voiceless stops, the window includes the initial frication burst and possibly a portion of the aspiration, but does not extend into the onset of voicing. Nevertheless, examination of the spectral shapes for these onset spectra reveals the distinctive patterns described by Fant (1960) and Jakobson, Fant, and Halle (1963) , and predicted by the theoretical analysis.
In order to provide a more quantitative measure of the degree to which these gross spectral shapes do in fact correspond to each place of articulation, we developed a series of templates designed to reflect each of the spectral properties--diffuse-rising, diffuse-falling or flat, and compact. The configurations of these templates were determined in part from theoretical considerations and in part from an examination of a limited set of consonant-vowel utterances consisting of the initial consonants [b d g] in the environment of the vowels [ie Q o u] produced by two male speakers. The adequacy of these templates for classifying stop consonants according to place of articulation was then assessed with a larger set of CV and VC utterances produced by six different talkers.
In all cases the taperecorded syllables were low-pass filtered at 4800 Hz and sampled at 10 kHz. The first difference of the waveform was calculated (ineffect pre-emphasizingthe high frequencies), the waveform was multipied by a modified raised cosine time window, and a smoothed spectrum was calculated using a 14-pole linear prediction algorithm.
The window shape, shown in Fig. 1 , puts greater emphasis on the earlier portions of the signal for a spectrum calculated at an onset. The size of the window was determined informally by inspecting the spectra obtained with different-sized windows. A 26-ms time window was chosen because it seemed to produce spectral shapes that were optimally similar to the theoretically derived curves.
•
The three templates were derived by examining a few hundred utterances of the two male speakers, through a process of minor adjustments of the templates and reanalysis of the data. These adjustments and refinements of each of the three different templates continued until we felt that (1) the template reflected the theoretical shapes discussed above, and (2) it accepted the majority of the CV utterances for which it was designed and rejected the majority of the other utterances.
III. THE TEMPLATES
The general form of the three templates is schematized in Fig. 2 . The two diffuse templates are represented by two reference lines about 10 dB apart, and the requirement for diffuseness is that at least two spectral peaks must lie within the region between the reference lines and that these peaks be separated by at least 500 Hz. This requirement ensures that there is some spread of energy across a range of frequencies. In the case of the diffuse-rising template, the higher-frequency peaks must be higher in amplitude than the lower-frequency peaks, whereas the opposite is true for the diffusefailing template. The template that tests for compactness contains a single spectral peak in the midfrequency range, and the requirement is that a midfrequency prominence in the spectrum must fit within this peak so that no other spectral peak protrudes through the reference line. The peak can lie anywhere within a specified midfrequency range; the figure shows an example of such a peak. In general, a spectrum that satisfies the compactness property would fail to fit within the diffuse templates, since only one peak would lie within the region defined by the two reference lines. We now describe in more detail each of these templates and the conditions for applying them. As indicated earlier, the property that describes the alveolar consonant can be characterized by a diffuse spread of energy in the spectrum sampled at the onset, with high-frequency peaks having greater amplitude than the lower-frequency peaks. This set of attributes was distilled into a template, as shown in the upper part of Fig. 3 , and this template is interpreted in the following manner. We first identify a spectral peak above 2200 Hz such that this peak just touches an upward sloping reference line, and all other peaks above this frequency lie below the line. We next examine the distribution of peaks along the amplitude-frequency domain. For a spectrum to fit the template, at least two peaks must fall between the two reference lines, and a peak above 2200 Hz must be higher in amplitude than one other peak below it in frequency. Thus, the template de- Analysis of a number of the natural CV utterances indicated that the spectra for the alveolar consonants sometimes contained two other characteristics not accounted for by the proposed diffuse-rising template.
The first involved the occurrence of low-frequency peaks in the range 800-1600 Hz, which were found in many examples of the alveolar stop consonants. These . Note that despite the fact that the spectrum contains low-frequency energy peaks that fall above the top reference line, the overall spectrum shape is still diffuse-rising, and two spectral peaks fall within the reference lines set by the template. These spectral peaks in the burst corresponding to subglottal resonances are usually not contiguous with peaks in the spectrum immediately following the burst, i.e., with vowel formant peaks. In effect, then, the convention to ignore these subglottal resonances amounts to ignoring a midfrequency spectral peak whose duration is rather brief (since it occurs only in the burst). we allowed a high-amplitude spectral peak in the vicinity of the locus to occur without violating the conditions required for fitting the diffuse-rising template. The only requirement is that two spectral peaks occur within the template, possibly including the peak arising from the second-formant locus, and that the peak that is higher in frequency (above 2200 Hz) also be higher in amplitude than the lower-frequency peak. Examples of such spectra which meet the requirements of the diffuse-rising template are given in Fig. 5 . As the top part of the figure shows, despite the fact that the peak associated with the locus predominates in amplitude over the other peaks in the spectrum, there are still two peaks within the template reflecting the upward rising pattern. The bottom part of Fig. 5 gives an example of a spectrum which contains two peaks fitting within the template. One of them is the 1800-Hz peak which, although higher in amplitude than the upward sloping reference line, is lower in amplitude than the higher-frequency peak. Thus, the overall diffuse-rising spectral shape is still maintained. The peak in the onset spectrum corresponding to the second-formant locus is usually continuous with a second-formant spectral peak following the burst, as the formants undergo transitions toward the vowel. Thus this spectral peak cannot be ignored because of its brief duration, as in 
B. The diffuse-falling template
The proper•ty characteristic of labi•al consonants is a diffuse spread of energy, with either a predominance of lower-frequency spectral peaks over high-frequency peaks or an equal distribution of energy among various peaks. The gross shape of the spectrum for labial consonants, then, is either diffuse-falling or diffuse-flat. The template designed to reflect these spectral shapes is shown in Fig. 6 . In order to determine whether a spectrum fits the diffuse-falling template, a spectral peak between 1200 and 3500 Hz (between a and b on the figure) is fitted to the top reference line such that all other peaks in this frequency region lie on or below the line. The distribution of the spectral peaks is then examined in relation to the template. The condition required to fit the template is that at least two peaks must fall within the reference lines, one peak falling below 2400 Hz and the other peak falling in the range of 2400 and 3600 Hz. Note that there is no condition on the amplitudes of spectral peaks falling below 1200 Hz. Thus, to satisfy the conditions of the diffuse-falling template, the spectrum shape must be either falling or relatively flat, and spectral energy must occur at low to mid frequencies, although it may also occur at higher frequencies (above 3600 Hz). An example of a spectrum of a labial consonant containing the required characteristics is superimposed on the template in are several peaks spread out in the frequency domain, the distribution of the spectrum is rising rather than either falling or flat; the [g] spectrum shows one prominent mid-frequency peak and thus is not diffuse.
C. The compact template
The property that describes a velar consonant is the presence of a prominent spectral peak in the mid-frequency range. Two spectral peaks that are separated by 500 Hz or less are treated for our purposes as comprising a single gross spectral peak. A peak is "prominent" if there are no other peaks nearby and if it is larger than adjacent peaks, so that the peak stands out, as it were, from the remainder of the spectrum. In this sense, the spectrum is compact. We have attempted to capture this property with the template shown To determine whether a given spectrum fits the compact template, a spectral peak in the mid-frequency range is adjusted to touch a matching peak of approximately equal frequency on the template. The requirement for spectral compactness is that no other peak in shows an overlapping set of spectral peaks in the midfrequency range (from 1200-3500 Hz), the widths of these peaks increasing with increasing frequency. A single midfrequency peak in a measured spectrum must fit within one of these peaks to meet the conditions of the template (see Fig. 8 ).
the spectrum projects through the reference line, and further that there is no other peak of the same or greater magnitude occurring either below 1200 Hz or above 3500 Hz. (The first formant is ignored in these analysis procedures.) The bottom part of Fig. 8 shows an example of a spectrum that meets the requirements of the velar template. Note that the 1700-Hz peak of the spectrum is matched to a low-frequency peak on the template. Althougl• there is an additional energy peak at 3500 Hz, it is lower in amplitude than the major spectral peak. The top part of Fig. 8 shows an example of a spectrum that does not fit the compact template.
As the figure shows, a second peak (at 2500 Hz) juts through the major spectral peak of the template; further, there is an energy peak above 3500 Hz which is higher in amplitude than the major mid-frequency peak.
IV. TEMPLATE ANALYSIS
In order to determine the extent to which naturally produced stop consonants fit the hypothesized shapes reflected by the templates, we analyzed the spectra for FIG. 8. Examples ooe short-time spectra which have been superimposed on the compact template. A spectral peak in the mid-frequency range is adjusted to touch a matching peak of approximately equa! frequency on the template. The top panel shows an alveolar spectrum which is rejected by the compact template, as a second spectral peak projects through the matched spectral peak, and a third spectra! peak above 3500 Hz is higher in amplit•ade than the mid-frequency spectral peak. The bottom panel shows a velar spectrum which is accepted by the compact temptate, as there is a single mid-frequency peak which fits within the reference lines of a corresponding peak in the template, and this peak is higher in amplitude than the spectral peak oealling at 3500 Hz. These utterances were tape-recorded in a sound-treated room and subsequently analyzed using the procedures for spectral analysis described above.
As indicated earlier, for syllable-initial consonants the spectra were sampled at the point of consonantal release (see Fig. 1 ). Figure 9 shows some examples of onset spectra for voiced and voiceless alveolar stops produced by several of the speakers. The first five spectra fit the diffuse-rising template, and the lower right spectrum does not. Examples of spectra for voiced and voiceless labial consonants are given in Fig.  10 . Five of these spectra are identified as labials by the diffuse-falling template; the lower right spectrum would be rejected. Figure 11 gives examples for the velars with the lower right spectrum again being rejected by the compact template.
For the syllable-final stop consonants, acoustic information with regard to place of articulation can reside at two points in the signal: at the point of consonantal closure at the end of the vowel, and in the burst that occurs at the consonantal release (if the final consonant is, in fact, released). In principle, the spectrum sampled at both of these points in time should contain the characteristics observed in the spectra sampled at onset. The procedures used to sample the spectra for final consonants are illustrated in Fig. 12 release. Both spectra shown in Fig. 12 fit the compact template.
The spectra of the 1800 natural CV and VC utterances were individually tested against each template. We adopted a conservative strategy for assessing whether the spectral shapes were accepted or rejected by the particular template. In order to fit the template, the spectrum had to meet all the conditions specified for the template. If it did not fit for any reason, e.g., the shape was clearly wrong or the shape was correct but a peak failed to fit within the reference lines, then the spectrum was rejected. A tabulation was made for each subject of the proportion of responses which fit and which were rejected by each of the templates. Table I shows a summary of the results of applying the diffuse-rising, diffuse-falling, and compact templates to initial voiced and voiceless stop consonants There seems to be little difference among the three templates in correctly accepting and rejecting the relevant place-of-articulation dimension, except for the offsets in VC syllables. Thus, overall, the results of the template-fitting procedures indicate that there are indeed unifying acoustic properties for place of articulation across phonetic contexts (i.e., different vowels) and syllable positions (i.e., initial and final), and among different voicing characteristics (i.e., voiced and voiceless stop consonants). These properties can be derived from the short-time spectrum at consonantal onset and offset and provide higher-order invariant acoustic evidence for place of articulation directly derivable from the acoustic signal. These properties represent "higher order" invariance in the sense that they reflect the relative shape of the spectrum for a particular consonantal configuration rather than an absolute measure (along the frequency-amplitude domain) of a particular attribute.
A. Role of F2 peak in diffuse-rising template
As described earlier, the diffuse-rising template was modified to reflect the fact that many alveolar consonants contained a fairly substantial energy peak at the hub or second-formant locus. In order to determine the extent to which the alveolar productions reflect this pattern, a tabulation was made across subjects of the percent of alveolar stop consonants which had a highamplitude peak projecting above the upward reference line of the template. The results of this analysis are given in Table III . First, it is important to note that a fair proportion of the alveolar productions contain a significant spectral peak at the F2 locus; 27% of the total alveolar consonants contained such a peak. However, as the table shows, subjects do not seem to contribute equally to this pattern. Rather, some sub- jects have substantially more utterances with a large F2 peak in the spectrum than others. Subjects 5 and 6, who had the largest proportion of these kinds of productions, were the two female speakers. It is not clear 
V. PRELIMINARY STUDY OF NASAL CONSONANTS
The spectra sampled at the onsets of stop consonants arise in part from the configuration of formants that result from glottal excitation of the vocal tract immediately following the release and in part from the burst of acoustic energy generated by vocal-tract excitation in the vicinity of the constriction.
Theoretical analysis shows that both components of the release contribute to the gross spectral property that is characteristic of a particular place of articulation.
In the case of nasal consonants there is no burst, but, for agiven place of articulation, the configuration of formants at the consonantal release should be roughly the same as for stop consonants. Thus the spectrum sampled at the release of a nasal consonant should show the same properties as that for a stop consonant with the same place of articulation, although the property may be weaker due to the absence of the burst.
A nasal consonant also differs from a stop consonant in that there is a nasal murmur preceding the release. Likewise, the configuration of formants at the implosion or point of closure of a syllablefinal nasal consonant should be similar to that for a syllable-final stop consonant. Thus to the extent that the gross shape of the spectrum at offset characterizes the place of articulation for stop consonants it should also indicate place of articulation for nasals.
We have begun a study of the analysis of onset spectra for nasal consonants in syllable-initial position. In order to obtain spectra characteristic of the nasal release without being contaminated by the preceding or following nasal murmur, we have shortened the time window used for sampling the spectrum to 6 ms, i.e., indicates the smoothed spectral shape for the nasal murmur; the second spectrum is sampled at the onset of the glottal pulse nearest to the release, as judged by a discontinuity in the waveform shape; the third spectrum is sampled. two glottal periods following the release, and shows the spectrum shape during the transition to the vowel. As these examples demonstrate, the spectrum at release for the alveolar nasal has the diffuse-rising characteristic, and the labial nasal has the predicted diffuse-falling shape.
We have measured the onset spectra for 110 alveolar and labial consonants produced in consonant-vowel syllables by the same six speakers as those used to produce the stop consonants.-Five different vowels were used as before. Results of this preliminary study are summarized in Table IV . We observe that alveolars and labials are correctly accepted by their respective Why should the error rate be substantially higher for the nasal consonants? A possible hypothesis is that the spectral representation in the auditory system for a signal with an abrupt onset that is preceded by silence is different from the representation when the onset is preceded by a nasal murmur. The presence of the nasal murmur for the 100-odd ms interval preceding the nasal release may serve to reduce the response of some neural units in the auditory system to the onset, particularly the response to the low-frequency com- spectrum for the syllable [gel using both the long (26 ms) and short (3.2 ms) time window. The shape of the spectrum using the long window is not compact, as the two mid-frequency peaks are not close enough to be considered a single energy peak. This property emerges, however, with the shorter time window, as the two peaks become a single broad spectral peak. These exampies suggest that it may not be desirable to postulate a single, fixed time window, but that the gross spectrum shape may be assessed on the basis of examining successive spectral samples extending over 10-20 ms, each computed using a relatively short time window. It is also possible that the time window should be a function of frequency, with the spectrum at low frequencies being sampled over a longer time interval than the spectrum at high frequencies. These differences in time resolution between low and high frequencies would occur automatically if the initial spectral analysis of the signal utilized bandwidths that reflected the properties of the peripheral-auditory system (Searle, et al. 1979; Plomp, 1964) . The narrower bandwidths at low frequencies would lead to a longer time window and the wider high-frequency bandwidths would result in a shorter time window.
As described in Sec. II, the short-time spectra were derived by means of a linear prediction algorithm with high-frequency pre-emphasis.
It would be instructive to reanalyze the natural speech data using alternative spectral analysis procedures, as for example, one that is more properly "tuned" to the auditory properties of the ear ( Examples of such a comparison for three different utterances are shown in Fig. 16 . The gross spectral properties of diffuseness-compactness and rising-falling that we have observed for the preemphasized linear prediction spectra are also evident for the spectra based on simulation of the auditory filtering. In fact, the auditory simulation may tend to smooth out spectral fluctuations that are not relevant to categorization of the spectra. For example, the spectral peak associated with the second formant onset for alveolar consonants might be attenuated and broadened with this spectral representation, and it may be unnecessary to invoke a special condition on the application of the diffuse-rising template. With this spectral representation, then, the three basic properties of the onset spectra captured by the templates are evident to an even greater degree than the linear-prediction spectra.
As was pointed out in Sec. IV, the templates we have 9, 10, and 11). Here, it remains to be determined whether changing the analysis procedures as discussed above would modify the short-term spectrum in such a way that it would correspond to these properties. Second, and perhaps most important, certain spectra failed to fit a particular template although the spectrum shape was right from a descriptive point of view. Examples of two of these spectra are shown in Fig. 17 . Some minor modifications of the actual template shape may be sufficient to increase the classification scores.
For example, in the case of the spectra shown in the figure, changes in the shape of the template at higher frequencies for both the alveolar and labial templates would result in the correct acceptance of these particular spectra.
Some of the spectra were accepted by more than one of the templates, particularly if the property for which the template was devised was only weakly represented.
The all-or-none procedure failed to distinguish between those spectra whose shape was clearly wrong and those whose shape was in fact correct but just missed fitting the template. in our study, 15% of the initial stop consonant spectra fit not only the correct template but also one other. A goodness-of-fit analysis would presumably classify some of these spectra incorrectly thus reducing the score below the overall value of 85% given in Table I . On the other hand, 7% of the initial consonant spectra failed to fit any template. A goodness-of-fit analysis would classify some of these correctly, thus raising the overall performance scores. It is probable, then, that a template matching procedure that uses a measure' of goodness-of-fit would yield scores similar to those given in Table I .
In summary, we can assert that acoustic invariance for place of articulation is directly derivable from the acoustic signal. This invariance for place of articulation has been shown in this study for stop consonants, and some preliminary data have suggested that, possibly with some modifications of the analysis procedures, there are also invariant properties for place of articulation for nasals. These properties reside in the shortterm spectrum at consonantal release and are on the whole independent of vowel context effects, syllable position, and speakers. As has been discussed elsewhere (Stevens and Blumstein, 1978 and , the notion that there is acoustic invariance directly derivable from the speech signal has important implications for the nature and characteristics of the speech processing mechanism. In particular, it has been hypothesized that the auditory system is endowed with innate property-detecting mechanisms which are specifically tuned to detect the invariant properties which reside in the short-term spectrum at onset and offset. Such a system requires that it be sensitive to abrupt changes in intensity at an onset or offset, and that it can assign certain simple properties to the resultant spectrum. There is, in fact, some preliminary evidence from auditory psychophysics and auditory physiology to sug-
